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(54) METHODS FOR DETECTING MUTATION IN BASE SEQUENCE 

(57) Disclosed ere methods for detecting a nucleic 
acid fragment and/or PNA fragment having a nutation, 
which performs the detection by bincfing a labeled sri- 
stance cpedflcaily bsxfirig to a mfc smatch ed base pair 
such as Mut S to a mismatched base pair produced by 
hybridization of a fragment erf nucleic acid ox the tike 
f bead on a substrate and a nucleic acid fragment or the 
like of which mutation should be assayed, and identify- 
ing a fragment bomd by the sdbetanoo; methods for 
detecting a nudetc acid fragment anoVbr PNA fragment 
having a mutation, which performs the de te ction by 
treating a mismatched base pair produced between the 
hybricfaed fragments with a substance specifically rec- 
ognizing end cleaving a mismatched base pair instead 
of the substance specifically Undng to a mismatched 
base pair to cleave or remove the fragments hybridized 
from the mismatched base pair, labeling a fragment 
remained on the substrate after the cleavage or 
removal, end detecting the labeled fragment; and 
labeled substances specificaly bindaUe to a mis- 
matched base pair such as Mut 8 labeled with QFP 
According to the present invention, ft is p os s ible to 
simultaneously detect structural mutations in a plurality 
of genes, in particular. It te possUe to detect the struc- 
tural mutations white simultaneously mo nilo i ir i g expres- 
sion lovohr thereof. 
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Description 
ngMotttwInwntton 

ff [0001] The pmseminvmtion rotates to a method GUbsAutions) exisling in nucle- 

otide sequences by detecting mismatched base pairs. The present invention further relates to a method for detecting 
mutations existing in nucleotide sequences which can simultaneously detect expression level of genes having the muta- 
tions* 

to Background Art 

[0002] rn the mecfical and btoJogJcal fields, methods for detecting genetic expression levels and mutations thereof 
are important methods that are very frequently used in identification of unknown genes and diagnosis of diseases. The 
methods for detecting expressed genes can be roughly classified into two categories. One includes methods utilzing 
is visualization of cDNA, and the other one Jndudes rnicroarrqy methods where cDNAs already Isolated in genome anal- 
ysis are attached on a substrate, and d ete c ti on is performed by hybridteetion. 

[00031 As tor the first group, the cONA visualization methods, there have been reported several method such as the 
differential display method (Liang. P. and Pardee, A. Science 257, 967-971), the molecular indexing method (Bemner, 
S. and Uvak. KJ, Proc Natl. Acad. 3d. USA, 86. 8902*8906 (1989}), and RLCS (restriction landrnark cONA scanning 

20 (8uzuH v H. et al. Nucleic Add Res. 24, 289-294 (1 996)). Because DNA fragments are separated and detected by elec- 
trophoresis in these methods, nudeotide sitetitutions on the DNA fragments can be detected cluing the separation by 
using the SSCP method (Orita, M et al. K Genomics 5, 874-879 (1989)). DGQE method (Denaturing Gradient Get 
Electrophoresis, Myers, R. M. et al. Method Enzymol. 155, 501-517 (1987)) and the ike. In other wortte, polymorphisms 
of DNA can be detected, and used lor the linkage analysis, direct detection of mutations and the Eke. 

25 [0004] On the other hand, with recent rapid progress of genome so ence, a large amount of cDNA (EST) have been 
isolated at all stages Indudlng developmental stage and from aO tissues, and their nudeotide sequences have been 
determined, though they are partial sequences. Furthermore, structures of full length genes are recently being deter- 
mined by using fuD length cDN A Gbraries, and accumulated in the form of data bank and done bank. There has been 
reported a method called cONA mscroarray expression monitoring (Schena t M. et al. Proc. Natl. Acad Sd USA, 93, 

so 1 0614-1 0819 (1 996)) t which utilizes the large amount of clones obtained from such cDNA projects as mentioned above. 
In this method, expression of genes corresponding to the donee mentioned above Is detected based on hybridization 
between cDNA fixed on a substrate and a probe comprising mRNA obtained from a spedmen and labeled through 
reverse transcription. This method enables assay tor all of the isolated cDNA (EST), and ft can determine all of the Iso- 
lated DNA fragments (cONA (EST)), wen though the sizes of genome information and genome bank are expanded. In 

» adcfition, because this method does not rery on PCR, signal Intensity corresponds to genetic expression teveL 
[0005] Amorig the methods erf the two g cDNA visualization methods ta 

drawbacte,7hartls, li il iJH i M^ 

suff tdently established, and therefore, when an interesting signal Is detected, a DNA fragment corresponding to the sig- 
nal must be isolated and cdlected. Furthermore, their sensitivity, la, delectable level of expressed genes, depends on 

40 the principle of each method. In particular, as for those methods utilizing PCR such as the differential cfisptay method 
and the molecular Indexing method, the detection of expressed level is biased by PCR, and sequences expressed in a 
small amount may not be detected, though they exhibit good sensitivity. Thus, they cannot accurately monitor the 
expressed amounts. On the other hand, in the methods not utilizing PCR such as the RLCS method, the expression 
level is monitored by the intensity of signals, but it cannot be considered that ati of genes are detected as signals, 

40 because of their poor sensitivity. 

(0006] Further, the mJcroarray hybrid zation method has a drawback that It cannot detect small tffferences of nude- 
otide sequences 6uch as point mutations because tt detects signals by hybridization. 

10007] Therefore, the object of the present invention is to provide a method capable of detecting structural muta- 
tions in a pluraity of genes in parallel, in particular, a method capable of detecting structural mutations while simuttane- 
so ously monitoring their expression levels, by utilizing the accumulating genome information, and the resources of 
genomic clones. If the monito ring of expression level and the detection of structural mutations (nucleotide substitutions) 
could be performed simuHaneoudy in which genes the structural mutations (nudeotide substitutions) occur can be 
qiicWy determined by using known genome information. 

(0006] A further object of tiie present invention is to rjrovide reagents and apparatuses used 
66 method. 
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Summary of the Invention 

10008] The present invention relates to a method for detecting a rudeic acid fragment and/or PNA fragment hartng 
a mutation, which comprises 

s 

(AJ a step of hybridizing at least one frafznant among one or more fragments fixed on a substrate, which fragments 
are selected from ttie group consisting of one or more nudeic acid fragments and one or more PNA fragments, with 
aft least one fragment of which nutation Is to be assayed, which fragment is selected from the group consisting of 
one or more nudeic add fragments and one or more PNA fragments; 
to (B) a step of binefng a labeled substance, which is a substance spedHcady binding to a mismatched base pair, to 
a ntfsmatched base pair occurring between the hybridized fragments; and 

(C) a step of identifying a fragmem bound by the substance by detect^ 
methocT hereinafter). 

is [001 0] The present Invention further relates to a method tor detecting a rudeic add fragment and/or PNA fragment 
having a mutation, which comprises 

(A) a step of hybridizing at least one fragment among one or more fragments f bod on a substrate, which tegments 
are selected from the group consisting of one or more nucleic add fragments and one or more PNA fragments, with 
eo at least one fragment of which mutation te to be assayed, which fragment is selected from the group consisting of 
one or more nudeic add fragments and one or more PNA fragments; 

(D) a step of treating a mismatched base pair occurring between the hybridized fragments with a substance spe- 
cifically recognizing and d saving the mismatched base pair to cut the hybridized fragments at the mismatched 
base pair, or to remove at least a pari of one strand of the hybridized fragments Btartir^ 

a pair; 

(E) a step of labefing a fragment remained on the substrate after the deavageorthe removal; and 

(F) a step of identifying the labeled fragment by detecting the label (referred to as the "second detection method" 
hereinafter). 

so [0011] The present invention aJso relates to a substance specifically bbxlable to a mismatched base pair charac- 
terized in that it is labeled. 

[0012] The present Invention further relates to an article characterized in that H oorrprises a substrate on which sur- 
face one or more hinds of RNA fragments or PNA fragments are fixed in e hybridzable condition. 

95 Brief Description of the Drawings 

[0013] 

Figure 1 outlines the method for construction of Mut S-QFP fusion protein expression ptasmid. 
« Figure 2 shows the resuft of autoracfopaphy of the DMA chip obtained In Example 3. 

[00141 The present invention will be detailed hereinafter. 

46 

Step (A) 

[0015] Both of the first and second detection methods of the present invention utilize "a substrate on which one or 
more fragments selected from the group consisting of one or more rudeic add fragments and one or more PNA frag- 
so merits are fixecT. The aforementioned nudeic add fragments indude DNA fragments and RNA fragments, and the frag- 
ments to be fixed on the substrate may be a single (one) nucleic add fragment or a single (one) PNA fragment A 
plurality of nucleic add fragments andtor PNA fragments may also be fixed on the substrate, and in such a case the 
fragments to be fbced on the substrate nray be two o RNA fragments or PNA fragments 

different in their sequences andtor chain lengths. Further, they may be present on the substrate In a c om binat io n of 
55 DNA fragments and RNA fragments, DNA fragments and PNA fragments, RNA fragments and PNA fragments, or DNA 
fragments and RNA fragments and PNA fragments, and in such a case the fragments may be those different In their 
sequences andtor chaJn lengths. 

[001 S] The fragments to be fixed on the substrate such as DNA fragments, RNA fragments and PNA fragment are 
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not partfcularty limited so long as fray are motoaJds having a nudeottde sequence. The target DNA Is also not partic- 
ularly limited, and may be either cDNA, which Is a genetic transcript, or a genome DNA. It may be a DNA fragment hav- 
ing a pert or all of full length cDNAof gene. 
[0017] An arttte comprising a oub^ 

5 chip. Micros/ray chips on which cDNA are fixed, and methods for measuring expression levels of transcription products 
utflizing them have already been Iram The method of the present Invention is characterized in that ft simultaneously 
detects expression levels of transcription products, which are delected by the mtoroarray chip, and expression levels of 
the mi smatc hed base pairs, which cannot be detected by the measurement method utDkzing the mlcroarmy chip. Aswil 
be described hereinafter, information of the both can be obtained simultaneously by measuring the expression level of 

10 mismatched base pairs with a signal dlffw ejdfnxri thesignafator montruring expression levsis of trarew(|>t*CFn products. 
10018] More specifically, the nucleic acid material to be fixed on the substrate may be, tor example, full length 
cDNA, EST (part of cDNA), genome DNA or the like, and they can be prepared by using taown methods. Examples of 
the genome DNA Include plasmids, phages. PAC, BAG. YAC and the like. 

10019] The aforementioned fufi length cDNA, EST. genome DNA and the like can be cut out and fixed on the sub- 
15 strate by a known method tn particular, they are preferably fixed on the substrate at their single point such as 3' or 5' 
end so that their whole nucleotide sequences shoid not be fixed. This provides an advantage that It can be easily 
detected because the hybridized portion wffl be separated away from the substrate. Specifically, DNA is preferably fixed 
by, tor example, a covaJert bond (tor example, by the methods of Chrisey, LA. et el Nucleic Add Res, 24, 3031-3039 
(1996), and Tlmoffev, E.N. et al. Nucleic Add Res. 2*. 3142-3146 (1996)), but the means for fixing is not particularly 
20 limited. 

[0020] Any articles on which one or more RNA fragments or PNA fragments are fixed in a hybridizable condition on 
the surface of the substrate have never been known so tar, and such articles tafl within the scope of the present inven* 
tkxi. The aforementioned RNA fragments or PNA fragments are fixed to the substrate by binding them to the substrate 
only at the 5* or 3' end, and as a resuH they are fixed in a hybridizable c ondition. The lixaton of the fragments to the 
25 substratB can be obtained by, tor example, a covalent bond formed through a chemical reaction of a reactive group such 
as hydroxy! group present on the substrate with an end of the RNA fragments or PNA fragments chemically motffied H 
necessary. The material and the size of the substrate is not particularly limited, and they can be in the form of chfc, filter 
or the fike considering ease of the operation, 

[0021] Aooording to the method of the present invention, a plurality of nudeJc acid fragments and/or PNA fragments 
90 of which sequences have been hrown are fixBd on one substrate, thereby proofing an advantage that mutations in 
nudeic add fragments andfor PNA fragments having different sequences can be detected simultaneously Cm parallel}. 
The number of the fragments to be lixed is nol particularly Drroted. 

[0022] On the other hand, the fragment which Is assayed tor mutations is at least one kind of fragment which Is 
selected from the group consisting of one or more kinds of nudeic add fragments and one or more kinds of PNA frag- 
as merits. The fragment which is assayed for mutations may also be a single (one) nudeic acid fragment or a single (one) 
PNA fragment like the fr a g me nts lixed on the substrata Ft aJso may consists of a plurality of nudeic add fragments or 
PNA fragments, tn such a case, they may be two or more kinds of DNA fragments, RNA fragments or PNA fragments 
different in their sequences arxVbr chain lengths. Further, they may be present in a combination of DNA fragments end 
RNA fragments, DNA fragments and PNA fragments. RNA fragm en ts and PNA fragments* or DNA fragments and RNA 
40 fragments and PNA fragments, and in such a case the fragments may be those different in their sequences and/or chain 
lengths. 

[0023] The fragment to be assayed tor mutations (probe) may be, but not limited to, mRNA and cDNA, which are 

genetic transcription products, genome DNA, RNA end/or PNA transcribed in vitro (in vitro transcription). 

[0024] For example, whan the fragment of which mutations and expression level should be detected is a cDNAfrag- 

45 ment mRNA can be isolated from an expression tissue at an intended expression stage, and a label can be introduced 
into the first cDNA full length chain ty the method for eynta length cDNAdiafri. The label of the frag- 

ments to be hybridized can be fluorescent phosphorescent, luminescent substances, stable isotopes, radioactive sub- 
stances and the like as described hereinafter, it is desirable, however, to use a label substance different from those of 
the substance recognizing mismatched base pairs and a labeling method described hereinafter, because expression 

so level and mismat ched base pairs can be rimuttaneously detected by doing sa A labeled probe is prepared and reacted 
with a substrate on which nudeic acid is fixed to prepare a hybricfized molecule. The labeling can be performed by using 
fluorescent materials (rhodamine or fluorescein oompounds) , or radioactive Isotopes such as K P and ^ by a known 

r |hn ri 

IIWUIUU. 

[002$] The hybridization of the fragments fixed on the substrate and the fragment to be assayed tor mutations can 
55 be performed In a conventional manner. 
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Step{B) 

[0026] In the step (B) of the first detection method of the present invention, a labeled substance which spectffcaly 
binds to a mismatched base pair Kb bound to the mismatched base pairs occurring between the hybricfized fragments 
s produced In the above step (A). 

[0027] The fragment to be assayed for mutations is hybridized with a fmpnent having a sequence exhfcrting high 
homology to said fragment among the fragments fixed on the substrate* When a base substitution (mutation) is present 
in the fragment whfch should be assayed for mutations, a mismatched base pair is produced between the hybridized 
fragments. 

10 {0028] in the step (6), a labeled substance which specifically binds to a mismatched base pair is bound to the mis- 
matched base pair. Exarrples of the "substance w 

pie, mismatch binding proteins. Examples of the mismatch binding proteins include* for example, mismatch binding 
proteins derived from microorganisms such as E< coii and yeast and mismatch binding proteins derived from animals 
such as human. Specifically, as the mismatch binding protein derived from E. coli, Mut S protein and analogues thereof 

rs can be exemplified, and as such analogues, mismatch binding proteins derived from S. cerevisiae (yeast), MSH1 and 
M8H2, a mismatch binding protein derived from human, hMSH2 and the fike can be mentioned. As m i smatch binding 
proteins derived from Schizosaccharomyces, the G/C mismatch binding proteins described below can be mentioned. 
[0029] Mut S is one of a series of proteins restoring replication mistakes of E. coli, and It specifically recognizes a 
portion of mismatched base pair and binds to ft (Su. S-S. at ah, Proc. Natl. Acad. ScL USA, Vol. 83, pp. 5057-5061 

so (1966)). Examples of analogues of the Mut S protein other than those mentioned above include, for example, the mis- 
match binding protein having TO binding activity derived from Schizosaccharomycss described In Reck. O. st aL 
Nudeic Adds Res., 1994, Ml. 22, No. 24, 5289-5295. This protein also has T7C, CrT, T7T, T/-, A/-, G/-, Qf% G/G, A/A, 
A/C, A/3, OH*, G/A and C/A binding activities In addition to the T/Q binding activity. Examples of the G/G mismatch bind- 
ing protein Include, for example, the mismatch birring protein having C/C binding activity derived from Schizosaccha- 

ss romyces described in Reck, O. etal, Nudeic Acids Res., 1994, Vol. 22, Na 24, 5289-5295. TNs protein also has T/C, 
C/T, C/A, A/C and C/- activity In addition to the C/C bindrng activity. 

[0030] ft has been knewn that the bindng affinfty of mismatch binding proteins may vary depending on the kind of 
mismatched base pairs. For example, the Mut S protein readily detect QfT mismatches or OTA mismatches, but its bind- 
ing aff rifty for, in particular, C/C mismatches is weak, and henoe it may overtook such mismatches. On the other hand, 
30 the mismatch Uncfin^ 

gle base mismatches can sufficiently be detected basically with these both types of enzymes. 
[0031 ] The aforementioned substance specif icaly binding to mismatched base pairs is further labeled with at least 
one kind of substance selected from, for example, the group consisting of luminescent proteins, phosphorescent pro- 
teins, fluorescent proteins, luminescent substances, fluorescent substances, phosphorescent substances, stable bo- 
ss topes, radioactive substances, antibodies, antigens, enzymes and proteins. Examples of the luminescent proteins 
include QFP (Green Fluorescence Protein). As an example of the antibodies, an anti-Mut S antibody can be mentioned 
for the Mut 8 protein. Examples of the antigens (antigen tags) include His tag, ttioredodn tag, HA (hemagglutination) 
tag, myc tao and the flke. For thtoredoodn tag, an antMrwedaxin antibody can be used, and tor anti-HA and an anti-myc 
antibodies can be used for HA tag and myc tag, respectively. For biotin, (strepQavidin can be mentioned as the protein. 
40 ExBm ^ 9 ^ 04 enzymes indude alkaine phosphatase, ludferase, aequorin and the like. 
[0032] The method tor the labeling can surtaJbry be seleded depending^ 

label substance is a luminescent protein, phosphorescent protein, fluorescent protein, enzyme, protein or the like, the 
label substance can be used as a fusion protein. When the label substance is a fluorescent substance, phospho r escent 
substance, stable isotope, radioactive substance, antibody, antigen or the like, the label can be attached by a known 

« chemical reaction or enzyme reaction. 

[0033] The luminescent protein, Green Fluorescence Protein (QFP), Is a substance that emits luminescence with 
consumption of ATP by itself without requiring any auxBiary substance While this Is a protein having a relatively large 
molecular weight of 25 kDa, the gene for Mut S and a codon frame can be Ggated together to produce a fusion protein, 
which then can be used tor detection of mismatched base pairs based on luminescence. Such a fusion protein Is very 

so useful tor detecting mismatched base pair sites, and its use Is not limited to the use on microchips. 

[0034] The 'labeled substances specifically binding to a mismatched base pair fall within the scope of the present 
irwention. 

8tep(Q 

55 

[0035] In the step (C) of the first detection method of the present invention, fragments bound by the substance hav- 
i ng the label are identified by detecting the label. The method for detect! ng the label can be suitably selected depending 
on fte kind of the label. For eocample. when the label is a luminescent protein, phosphorescent protein, fluorescent pro- 
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tein. luminescent substance, fluorescent substance, phosphorescent substance or the Dks, luminescence, fluorescence 
or phOGphorsscence is detected by a suitable detector. When the label to a stable Isotope, radioactive material or the 
like, radiation dose can be detected by any suitable means. When the label is an antibody or antigen, detection to per- 
formed by using an antigen or antibody. When btotin is used, it can be detected by using avicfln. When the label Is an 
c enzyme, a luminescent srtstance can be produced as a reaction product by selecting a suitable substrate. As the sub- 
strate, for example, a chemBumlnescent substrate having a suitable cherriturrtnescent group (e.g., chlorine-substituted 
1,2-dbxBtane) can be mentioned tor alkaline phosphatase, and ludferin for ludferase. 
[0036] tn the first detection method of the p^ 

to mismatched base pairs can be Identified as a fragment having a mismatched base pair by detecting the label, 
re [0037] Firrtri er, the first detection method of the present invention enables quantification of a fragment having a mis- 
matched base pair tn addition to me klantffication thereof by Introducing a label irto a nudeic add andfor PNA fragment 
to be assayed for mutations, and detecting the label ol the nucleic add andfor PNA fragment to be assayed tor nuta- 
tions. 

[0038] The label to be attached to the nudeicacti 
is one selected from, for example, the group consisting of turrinescent substances, fluorescent substances, phosphores- 
cent substances, stable isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. Specific exam- 
ples thereof are substances similar to those mentioned in the explanation of the substance spectfcafty binding to 
mismatched base pairs. 

[0039] Furthermore, the quantification and identification of the fragment having a mismatched base pair can be 
so simultaneously performed by using a substance that produces a signal different from that produced by the label 

j«lliij-J-LiLii » 1 , ■ I I ri n r.if innlii i hj m_n_ 1* inn] nmmtjiKf^ fc»au*jh mmiv m *4>- , ULuJ I 1 1 ■ i il 1 1 n 1 1 1-1— Ikj, mm u lull i nmL-l 

attacneo to to suosiance rpnririrniry otnosng 10 mtsmaicneo oase pairs as xne aoef irnrooucea into me nucwc acta 
andfor PNA fragment to be assayed tor mutations. That is, the ratio of the molecules having a mismatched base pair 
contained in the hybridized fragments can be calculated from the result of determination of expression level of the 
nudeic add andfor PNA fragment to be assayed tor mutations and the results of the identification and quantification of 

26 the fragment having a mismatched base pair, thai can be obtained simdtaneously. More spedf icafly, intensity of signal 
(e.g.. light emission Intensity) obtained from the label introduced into the nudeic add ancVbr PNA fragment to be 
assayed tor mutations, and intensity of signal (e.g., light emission intensity) obtained from the label introduced into the 
substance epodficaly binding to a mismatched base pair can be measured, and cortpared with preliminariy deter- 
mined calibration carves respectively to determine the expression level ol the nudeic add to be assayed tor mutations 

ao when His a gene and to qualify the ratio of the fragment having a mismatched base pair, 

[0040] Mismatched base pairs of the hybrid molecules formed on the substrate are detected by using a substance 
specifically binding to a mismatched base pair labeled with e substance different from that of the probe. For axarrple, 
Mut S is labeled with QFP, and the probe is labeled with a cfifferent fluorescent substance, h such a case, the signal 
under rarracftation concftion is the signai of Mut 8, and the signa] under an exdtated condition by a laser is a total ol 

as the signal fluorescence of the label of the probe and the luminescent signed of QFP. Further, rf the range of the fluores- 
cence wavelength of the fluorescent substance is different from that of the visible light of QFP f their Intensity ratio can 
be determined by spectr o photome t ry. 

[0041] The signal Intensity ol mismatc hed base pairs varies with their expression frequency in the whole cONA 
(transcript) to be assayed. However, according to the method of the present invention, the eiqveesion level and the sig* 
40 nal of mismatched base pairs can be simultaneously measured on the same substrate, and therefore point mutations 
can be surely detected fay calculating their ratio, 

[0042] tn particular, when a futt length cDNA isfixBd on the substrate, any mutations can be detected wherever they 
may be present in the transcription unh, and therefore it may be an extremely effective means tor searching tor genes 
responsible tor specific phenotypes and detecting mutations in cancer. Further, such information of mismatched base 
45 pairs may be considered as polymorphism of genetic nucleotide sequences (induding mutations on the responsible 
genes), and may be utilized tor family analysis of higher animals and plants through linkage analysis. 

Step(D) 

so [0043] In the step (D) of the second detection method of the present invention, a mismatched base pair occurring 
between the hybridized fragments is treated with a substance specifically recogn izin g and d saving the mismatched 
base pair to cleave the hybridized fragments at the mismatched base pair, or to remove at least a part of one strand of 
the fragments hybridized from the misma t ch ed base pair. As examples of the substance specifically recognizing and 
deaving the mismatched base pair, tor exanple, raid eases and the Ilka can be mentioned. As the nudeases, Mung 

& bean nuclease, 81 nudsase, RNaae I and the Iks can be exenplrfied. 

[0044) in the detection of mismatched base pairs, the substance used tor the detection must be suitably selected 
depending on the kind of the mismatched base pairs to be detected. For example, the aforementioned Mut S and 
mismatch binding proteins readfy detect mismatched base pairs such as pdnt mutations* but often do not bind to dele* 
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tions and insertions, and hence overtook them. Further, as described above, detection sensitivity of the mismatch bind- 
ing proteins for point mutations may also vary depending on the kind cl mismatched base pairs. For exanple, Mut 8 
readily detects G/T mismatches, Q/A mismatches and the like, but has weak binding affinity particularly tor C/C mis- 
matches. On the other hand, the CYC mismatch binding proteins have strong binding affinity tor C/C mismatches, and 

6 readily detect them, but they are likely to overlook GOT mismatches or Q?A mismatches. 

[0046] Therefore, in the second detection method of the present Invention, a mismatched base pair occurring 
between the hybridized fragments Is treated with a substance spedfkally recognizing and cleaving the mismatched 
base pair to deave the hybridized fragments at the mismatched base pair in the step (D), and the fragments remained 
on the substrate after the deavage or the removal are labeled in the step (E). The labeling after the deavage or the 

10 removal by using an enzyme for deaving mismatched base pairs such as Mung bean nuclease, S1 nudease, and 
RNase J affords advantage that even mismatched base pairs due to deletion, Insertion and the tike including single base 
mismatches can be detected. 

Step(E) 

w 

[0046] In the step (E) of the second detection method of the present invention, the fragments remained on the sub- 
strate after the deavage or removal In the step (D) are labeled The labeling of the fragments In the step (F) can be per* 
formed by. tor axanple, an enzyme reaction using a labeled substrate. The enzyme reaction may be polymerase 
reaction, Hnation reaction, ligation reaction, 3' end addition reaction or the lite. When the 3* end addition reaction is 
so used as the enzyme reaction, the 3* ends of the fragments fixed on the substrate are preferably blocked before the f be- 
ation on the substrate, before or after the hybridization, or before attaching the label in order to selectively introduce the 
label by the 3' addition reaction into only the fragments which have been subjected to deavage or removal. The above 
blocking can be perfor m ed by, for exanple. introducing cfideoxynudeotides into the ends using terminal transferase or 
the lite. 

& [00*7] The label substance of the substrate used for the enzyme reaction may be, tor exanple, one kind of sub- 
stance selected from the group consisting of luminescent substances, fluorescent substances, phosphorescent sub- 
stances, stable isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. Specific exanples 
thereof are substances similar to those mentioned in the explanation of the substance specifically binding to mis- 
matched base pairs, 

30 

Step(F) 

[0048] In the step (F) of the second detection method of the present invention, the labeled fragments are identified 
by detecting the label. The method tor detecting the label can be suitably selected depending on the kind of the label. 
35 and specific exanples thereof are similar to those explained for the step (C) of the first detection method of the present 
I retention. 

[0049] to the second detection method of the presert invention, the fragments m 
produced can be identified by detecting the label attached In the step (E). 

[0060] Furthermore, in the second detection method of the present invention, the identification as well as quantify 
40 cation of the fragment having a mismatched base pair can be simultaneously performed by Introducing a label also into 
the nucleic acid andfor PNA fragment to be assayed for mutations, end detecting the label of the nudeic add arxVor 
PNA fragment to be assayed tor nutations. 

[0061] The label for the rudeic add and/or PNA fragment to be assayed for mutations may be, tor example, one 
Wnd of substance selected from the group consisting of luminescent substances, fluorescent substances, phosphores- 
45 cent substances, stable isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. Specie exam- 
ples thereof are substances similar to those mentioned In the wpianation of the substance spedfkealy binding to 
mismatched base paJrs. 

[0062] Furthermore, the quantification and identification of the fragment having a m i smatc hed base pair can be 
simultaneously performed by using a substance that produces a signal different from that produced by the label 

so attached to the fragments In the step (E) as the label introduced Into the rudeic add and/or PNA fragment to be 
assayed tor mutations That is, the ratio of the molecules having misma tched base pairs contained in the hybridized 
fragments can be calculated from the result of determination of expression levet of the nudeic add and/or PNA frag- 
ment to be assayed for mutations and the results ol the Werrtrficabon and quantification of the fragments having anus- 
matched base pair, that can be obtained simultaneously. More specifically, intensity of signal (eg., tight emission 

& intensity) obtained from the label Introduced into the rudeic add and/or PNA fragment to be assayed tor mutations, and 
intensity of signal (e.g., Bght emission intensity) obtained from the label attached to the fragments in the step (E) can 
be measured, and compared with preliminarily determined calibration owes respectively to determine the expression 
level ol the nudeic add to be assayed for mutations when It is a gene and the ratio of the fragments having a rrfc- 
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matted base pair. 

[0053] According to the present Invention, there can be provided methods capable of simultaneously detecting 
etructuai mutations of a plurality of genes. In particular, novel methods capable of detecting structural mutations while 
simultaneously monitoring expression levels of the genes, utilizing accumulating genome Information, and resources of 
s genomic dones. Furthermore, according to the method of the present invention, because ft Is possible to simultane- 
ously monitor expression levels of the genes and detect their structural mutations (base substitution). It can be quicWy 
determined In which genes the structural mutations (nucleotide substitutions) occur by using known genome Informa- 
tion. 

[0054] The present Invention also provides a labeled substance specif icaiy bindable to mismatched base pairs, 
10 and articles comprising a substrate having a surface on which RNA fragments or PNA fragments are fixed in a hybrid- 
liable condition, which are usoM tor the aforementioned method, 

[0055] The method of the present Invention has the advantage that Information of expression frequency and infor- 
mation of mismatched base pairs due to polymorphism or imitations can be obtained on the same substrata 
[0096] Moreover, by utUIztartg the method of the present Invention, linkage analysis can be performed tar family anal- 
is ysis of organisms by the detection of mismatched base pairs (polymorphisms} present In a plurality of genes derived 
from a plurality of individuals. It also enables searching of a gene sequence responsible tor a phenotype by identifying 
a gene sequence having the largest number of mismatched base pairs through detection of mismatched base pairs for 
a mixture of a plurality of genes derived from a plurality of Individuals commonly exhibiting the same phenotype. 

20 Examples 

[0057] The present Invention wfll be explained more in detail with reference to the following examples. 
Example 1 

26 

[0058] DNA to be fixed was prepared from TSHp plasmkl (HayasttizsM Y. et at. FEBS Lett 188 [1985) 394-400). 
That is. 1 0 |tg of a plasmid vector, pBluescriptil having human TSHp cDNA Inserted into the cloning site, Sstl, Notl, was 
digested with Sstl and Notl. fractionated by agarose gel electrophoresis and purified to afford 1 \lq of TSHp cDNA. 
[0059] Amino group was introduced into the 3* end of this TSHp cDNA as toUows. 





TSHP DNA 


1|ig 




2\3<Jdeoxy-5^-ajrtnopropyrv1-yO-lJTP 


OJS M (Final concentration) 




Terminal Deoxynudeotidyi Transferase (TOMOBO, Japan) 


50 units 




10 x Reaction buffer (TOYOBO, Japan} 


5 |il 



40 [0060] A mixture having the above composition in a reaction volume of 50 jiJ was incubated at 37*0 tor 60 minutes. 
[0061] After tha reaction, the reaction mixture was treated with phenol, and subjected to ethanol precipitation to 
afford 0.5 |ig of 3' end amJrated TSHp cDNA. 

[0062] Then, 0.5 ftg of the 3' end aminated TSHp cDNA and succinic anhydride at a fined concentration of 5% were 
slowed to react In a volume of 1 0 jil to form DNA to which 3* end was introduced with cartxnyl group. ^ 

45 mixed and immediately used for ligation reaction to a substrate explained hereinafter. 

[0063] The substrate was made from a slide glass. A slide glass was treated with 100% trffluoroacetate at room 
temperature tor one hour, dried, and treated by immersion In 2% APTES (amfriopropyttriethoxysilane, Kanto Kagaku) 
solution (water acetone » 50:50) at room temperature for one day. The glass was washed three times with acetone and 
once with acetonHrtle to afford an aminated substrate. 

so [0064] TSHp DNA with the carboxytated 3' end was fixed on the aminated substrate as follows. That Is, the TSHp 
DNA with caitxaytated 3' end was mixed with carbodwnide at a final concentration of 5%, and 1 pi of the mixture was 
dotted on the aminated sifcetrate* The substrate was then incubated at 50*C tor 6 hours, and washed with washing 
solution 1 (10 mM Tris-Q [pH 6.0], 1 mM EDTA, 0,1% SOS), 0.1N NaOH, and washing solution 2 (10 mM THs-CI [pH 
6.0], 1 mM EDTA), successively. Thus, single-stranded DNA fixed on the substrate was obtained. 

55 

Example 2 

[0065] Construction of Mut S-QFP fusion protein expression plasmid Is shown in Figure 1. 
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[0066] Fost, Mut S gene (ScNensog, V. and Boeck, A., J. Bacterid. 173, 7414-7415 (1991)) of E. coli DH5 a 
(Ufetech Oriental, USA) was amplified by PGR, A primer, tig gta etc gag atg agt oca ate gaa aal ttc gac which had 
modified in sequence eiouid ttw inrtiati^ sH* was used as the upstream primer, and 

a primer, cga cgt tgt cga cac cag get ctt caa gcg ata aat which had been modified to have Accl site, was used as the 
5 downstream primer. The amplified DNA fragment was digested with Xhol and Accl, and Igated to pEGFP4H 
(CLONETECH. US. A) to afford Mut &OFR which was then Introduced Into DH10B (LHetech Oriental, USA), and 
mutopHed. 

[0067] The Mut &QFP colected from DH10 a was digested with Notl and Xhol (Nippon Gene. Japan), and ligated 
to pThfeKsB (Invttrogen, Netherlands) at the Notl-Xhol site to construct HP-TWo-Mut S-GFP. 

10 [0068] TWb was introduced Ho a host E. coli TOP10 (Irwttrogen, Netherlands), and aJtured et 25°C in LB culture 
medium. Expression of the fusion protein was Induced by addition of IPTOL After the cultivation, the cells were collected. 
The cells were disrupted by sonfcation, and centrifuged at 10000 g to obtain a supernatant as a GoJttte fraction. 
[0069] This soktte fraction was analyzed by Western blotting using an antMhtoredoacin antibody, and H was con- 
firmed that a sufficient amount of the fusion protein was expressed. 

is [0070] The obtained soJutte fraction was purified by using a ProBond column (Irwftrogen, Netherlands) according 
to the manufacturers protocol, and the purified product was treated with enteroMnaseto cut out the HP tMoredaxin por- 
tion and the Mut &OFP portion. These were subjected to SOS electrophoresis, and a band of 130 kOa was excised. 
The product was renatured to obtain Mut S-GFP fusion protein. 

20 Examples 

[0071] The DNA chip made in Example 1 was treated with a solution of 70 mM succinic anhydride* 0.1 M boric add, 
pH 8.0. 35% 1-fne1hy1-£ijynoikUnons in order to eliminate non-specific hybridization. 0.1 jig of TSHp dottfe-stranded 
cDNA(Hayashizati, Y. etaLFEBSLett. 168 (1985) 394-400) labeled with ^P was dissolved tn 11 |U of 3.5 x SSC con- 

25 taking 4 |ig of polyfdA) (Sigma, USA), 2.5 pig of E. coli tRNA (Sigma, USA), 4 |i g mouse Cotl DNA (LHetech Orien- 
tal. USA), and 0.3 pi of 10% SDS, boiled tor two minutes, and cooled at room temperatura Hybridization was 
pertormed in a warm water bath at 62*C for 14 hours. After the hybridization, the chip was washed with 2 x SSC, 0.2% 
SDS for five minutes, and with 0.2 x SSC tor one minute. This chip was reacted with 1 nmoi of the Mut S-GFP fusion 
protein produced in Exanple 2 in 0.02 M KP0 4r pH 7.4, 0.05 M KG, 0.1 mM EDTA, 1 mM dHHdthreJtol, and 0.01% BSA 

so by incubation et 37*C tor one hour. The chip was washed with a solution containing 0.02 M KPO* pH 7.4, 0.05 M Kd. 
0.1 mM EDTA 1 mM cflhtothreitol, and 0.01% BSA and observed under a fluorescence microscope to determine 
whether the Mut S-GFP fusion protein had bean bound to the chip. Then, autorariography of the DNA dip was 
obtained to determine whether the labeled cDNA had been hybridized. The results are shown in figure 2. 

as Claims 

1* A method tor detecting a nucleic ackt fragment and/or pna fragment having a mutation, which comprises 

(A) a step of hybridizing at least one fragment among one or more fragments fixed on a substrate, which frag- 
40 merits are selected from the group consisting of one or more nucleic add fragments and one or more PNA frag- 
ments, with at least one fragment of which mutation is to be assayed, which fragment is selected from the 
grotp consisting of one or mora nucleic acid fragments and one or more PNA fragments) 

(B) a step of binding a labeled srtstance, which is a substance specfficaJfr binding to a m ismatched base pair, 
to a mismatched base pair occ urrin g between the hybridized fragments; and 

45 (C) a step of identifying a fragment bound by tha substance by detecting the label, 

2* The method of claim 1, wherein the substance specifically btncSng to a misma tched base pair Isa mismatch binding 
protein. 

» 3- The method of daim 2, wherein the mismatch binding protein is Mut S protein or analogue thereof, or a C/C mis- 
match binding protein. 

4. The method of any one of claims 1-3, wherein the substance specifically bincfing to a mismatched base pair is 
labeled with at least one kind of substance selected from the grotp consisting of luminescent proteins, phospho- 
rs resoent proteins, fluorescent proteins, luminescent substances, fluorescent substances, phosphorescent sub- 
stances, radioactive s ub stances, stable iso to p es , antibodies, antigens, enzymes and proteins. 

5. Tha method of any one of claims 1-3, wherein the substance specifically binding to a mismatched base pair Is 
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labeled with GPP (Green Fluorescence Protein), 

6. The method of arty one of clalra^ 

base pair are performed by introducing a label into a nucleic add and/or Pr^ fragment to be assayed tor mutations, 
0 and delecting the label of the nudeic acid andfor PNA fragment to be assayed tor mutations. 

7. The method of claim 6, wherein the label Introduced Into the nudeic acid and/or PNA fragment to be assayed for 
mutations produce a sJg^ label attached to the substance specifically binding 
to a mismatched base pair! and quantification and tdentif ication of the fragment having a mismatched base pair are 

w simultaneously performed. 

8. The method of dahn 6 or 7 t wherein the nudeic acid artd/br PNA to be assayed tor mutations Is labeled with at least 
one Wnd of substanco selected from the poup consisting of luminescent substances, fluorescent substances, 
phosphorescent substances, stable Isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. 

15 

9. A method tor detecting a nudeic add fragment anoVor PNA fragment having a mutation, which comprises 

(A) a step of hybridizing at least one fragment among one or more fragments fixed on a substrate, which frag' 
merits are selected from the group consisting of one or more riudeksa^ fragments and one or more PNA frag- 
20 moms, with at least one fragment of which mutation is to be assayed, which fragment is selected from the 

group consisting of one or more nudeic add fragments and one or more PNA fragments; 

(D) a step of treating a mismatched base pair occurring between the hybrkflzed fragments with a substance 
specifically recognizing and d saving the mismatched base pair to cut the hybridteed fragments at the mis- 
matched base pair, or to remove at least a part of one strand of the fragments hybridized from the mismatched 

2s base pair; 

(E) a step of labeling a fragment remained on the substrata after the deevage or the removal; and 

(F) a step of identifying the labeled fragment by detecting the label. 

10. The method of claim 9, wherein 3* ends of the fragments fixed on the substrate are blocked, and th e labeling of the 
30 fragment in step (E) is performed by 3' end arfdrtion reaction. 

11. The method of daim 9 or 10, wherein the substance specifically recognizing and d saving the mismatched base 
pair is a nuclease. 

$s 13. The method of daim 11, wherein the nuclease is 31 nudease, Ctfung bean nuclease or RNase H. 

13. The method of any one of claims 9-12, wherein the labeling of the fragment in the step (E) is performed by an 
enzyme reaction utilizing a labeled substrata 

40 14* The method of claim 13, wherein the enzyme reaction is polymerase reaction, Wnatton reaction, ligation reaction, 
or 3 T end addition reaction, 

15. The method of claim 13 or 14, wherein the substrate Is labeled with at least one kind of substance selected from 
the grot*) consisting of luminescent substances, fluorescent substances, phosphorescent substances, stable iso- 

45 topes, radioactive substances, anttocdes, antigens, enzymes and proteins. 

16. The method of any one of daims 9-15, wherein detection and quantification of the fragment having a mismatched 
base pair are performed by introducing a label Into a nudeic add and/or PNA fragment to be assayed tor mutations, 
and detecting the label of the nudeic add andfor PNA fragment to be assayed for mutations. 

so 

1 7. The method of daim 1 6, wher etn the label introduced Into the nud eic add and/or PNA fragment to be assayed tor 
mutations produce a signal different from that produced by the label attached to the fragment In the step (E), and 
quantification and identification of the fragment having a mismatched base pair are simultaneously performed. 

55 18. The method of claim 16 or 17, wherein the nudeic add and/or PNA to be assayed tor mutations is labeled with at 
least one hind of substance selected from the grot*) consisting of luminescent substances, fluorescent sifcslances, 
phosphorescent SL&stancss, stable isotopes, radioactive substances, ansfeodies, antigens, enzymes and proteins. 
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19. The method of any one erf claims 1-18, wherein the fragments of nucMc acid or PNA fixed on the substrate are 
bowid to the substrate only at their 5" or 3 T and. 

20. Themethodolanycne of claims 1-19^ 
on the substrate by oovalent bonds. 



21. The method of any one of claims 1-20, wherein the fragments of nuctefc acid or PNA fixed on the substrate are frag- 
merits having a cDNA sequence. 

10 22. The method of any one of claims 1-21 f wherein the fragments of nudete acid or PNA toad on the substrate have a 
pari or all of cDNA sequence of full length gene. 

23. A substance specifically bindable to a mismatched base pair characterized in that It is labeled. 

15 24. The substance of claim 23, wherein the substance speclteally bindafle to a mismatched base pair is a mi smatc h 
binding protein. 



25. The substance of claim 24, wherein the mismatch binding protein is Mut 6 protein or analogue thereof, or a G/C 
mismatch binding protein. 

so 

26. The substance of any one of daims 23-25, wherein the label Is QFP (Green Fluorescence Protein). 

27. The substance of any one of claims 21-26, wherein the label is at least one tend of substance selected from the 
group consisting of luminescent proteins, phosphorescent proteins, fluorescent proteins, luminescent substances, 

£5 fluorescent su bs tances, phosphorescent substances, stable isotopes, radioactive substances, antibodies, anti- 
gens, enzymes and proteins, 

28. An article comprising a substrate having a surface on which one or more kinds of RNAfragments or PNA fragments 
are fixed In a hybrid izabis condition. 

so 

29. The article of claim 28, wherein the RNA fragments or PNA fragments fixed on the substrate are bound to the sub- 
strate only at thesr 5 1 or 3' ends. 

30. The article of claim 28 or 29, wherein the RNA fragments or PNA fragments fixed on the substrate are fixed to the 
ss substrate by covalent bonds. 



50 
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Fig. 2 
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